We report the complete sequence of the gene encoding mouse gl1al fibrillary addle protein (GFAP), the Intermediate filament ( 
INTRODUCTION
these regions confer functional and antigenic specificity on the Individual IF protein (3,4). The accumulated structural data from protein and, more recently, DNA sequencing Indicate a common evolutionary origin for IF proteins and 1t Is apparent that they are encoded by a large, developmentally regulated multigene family (3,5,6).
GFAP, the principal component of glial filaments 1s notable In that 1t represents a specific marker for astroglial cells 1n the mammalian central nervous system (7). These cells, which comprise nearly 40°/« of the cell population 1n the CNS, are responsible for the nutritional, structural and biochemical support of neurons; In addition they play an Important role In the response of the CNS to Injury and disease (8, 9) . Recently, we determined the sequence of a cloned cONA encoding mouse GFAP (10). The ami no add sequence deduced from the data showed that the structure of GFAP conforms to the general model proposed for IF proteins. We report here the complete sequence of the mouse GFAP gene. Comparison of the organization of this gene with that of other IF proteins reveals a high degree of conservation 1n the organization of IF genes; despite this conservation, the position of the Intron/exon boundaries do not appear to correspond to the structural domains that have been Identified In the proteins. In addition, the sequences of the Introns contain several notable features, Including a remarkable number of d1-and trinucleotide repeats as well as tandem repeats of two different sequences, one 28 bp In length, the other 36 bp 1n length. The evolutionary Implications of these observations are discussed.
MATERIALS AND METHODS Isolation and Subcioning of the GFAP Gene
The mouse GFAP gene was Isolated as two overlapping recombinant xCharon28 bacteriophage from a partial Kb£ I mouse embryo library (gift of P. Leder). The region within the recombinant DNA containing GFAP sequences was established by restriction digestion and Southern blot analysis (11) using the mouse GFAP cDNA probe Gl (10) labelled with 32 
DNA Blotting and Hybridization
For analysis of genomic sequences, 10 ng aliquots of mouse DNA were digested with a 5-fold excess of restriction enzyme. The fragments were resolved 1n an 0.8*/» agarose gel and transferred to nitrocellulose (11).
Following prehybrfdization, the blots were hybridized with 2-5 x 10 7 cpm of probe labelled with 32 P by nick-translation (12) or. In the case of M13 probes, by primer extension using DNA polyraerase (Klenow fragment).
RESULTS

Isolation of the GFAP Gene
A mouse cDNA encoding GFAP (10) was used to screen a mouse genomic library cloned In bacteriophage xCharon28. Eight positively hybridizing clones were Isolated and analyzed. Southern blot hybridization studies showed that 1) all the clones had overlapping restriction patterns, Indicating that they TGGAGTCTAG GCCTGAGGCT TGAGCCTCAG TACCCCTTTT  EVR  DLR  EQL  AQQQ  VHV  2821  TTACCTTATT AGGAAGTTCG AGATCTCCGG GAGCAGCTGG CCCAACAGCA GGTCCACGTG   EMD  VAKP  DLT  AAL  REIR  TQY  2881  GAGATGGATG TGGCCAAGCC AGACCTCACA GCGGCCCTGA GAGAGATTCG CACTCAATAC   EAV  ATSN  MQE  TEE  WYRS  K  2941 GAGGCAGTGG CCACCAGTAA CATGCAAGAG ACAGAGGAGT GGTATCGGTC TAAGGTACCT  3001 GTGGGCCAGT TTGCCTCTTC CAGGAAGCCT TCCTGCTATA TACTGGAGAA TAAGGGAAGG  3061 AACCTTGGAA AATAACCTAT CTAGATGACC AGTCTTGCCC AGAGAGAGAA GACTTGCCTA  3121  GGACCATGTA GGCATTACTC ATTCCCAAAC TACTCGTTGT TATTGCTATT ACCTGTAATA  3181  GCAATAATAG TCAATAATAG CTAATAGGTT CACAGCTTGC TCAGTGTCAC ACAGCTTCTA  3241 AGGGAAAAGG GACTAACGTT TCCTATCTAA CCCATCTCAT TAGAGAGTCT GCCTTTTGAT  3301 GCCTCTGCCA GTCTATGTCC TATGCCTACT GAACATCTAT TGTGTACCAG GTACTTTGGT  3361 CCAGAGGTGG ACAGAGTTTG TTCGGACTGT AGGAGGCAGG GAAGATGAGG GGGTGGGACT  3421  TGTGCTAGAC AAGCAGCCTA GAGACTCAGG AGAAGAAGGA AGGGCATCTC AGGTGAAGAA  3481  TAGGTGCTAT GAGGAGGTCT GAGACAGAAA AGCGCAGACA GAGACCAGGG ATGCTGCGGC  3541 CCAGGGCACG AAACCCAGTG TTGAGTTGCT GAGCCTCACA TGCAGTGACA GTCTGGGCAG  3601 GATGAGGCCT GAGAAGTCCT TGGCCTACCG TTGCTTCTGC CGAGAGAGCG CTGACTGAGG  3661 TCGGTTTCAG AGATCGTGTA TATCTATCTC CCAGCCCAGG GAGCTACCTG GTGTGTGCCC  3721  TGCGCCGACT GGAGGCTCTG GTCCACCTTC CCTCAACTTC AGGTCCTCTC TCGGTTTAGT   FADL  TDA  ASR  NAEL  LRQ  AKH  3781 TTGCAGACCT 4501  4561  4621  4681  4741  4801  4861  4921  4981  5041  5101  5161  5221  5281  5341   5401  5461  5521  5581  5641  5701  5761  5821  5881  5941  6164  6224   6986  7046  7106  7166  7226  7386  7346  7406  7466  7526  7586   GEE   GGCGAAGAAA  AGTTAGCCTT  TCCAAGACCT  CCTTGAGTAT  CCATGGGTCT  TTCTCCATCT  ACCTGCAGAC  GATGCTGGAG  GCTAGGCCTG  GTATAATGTA  TTATGTACAT  AGGTTTAGTC  TGGGATATAT  AAGAGAAAGA  AGAGAGAGAG  GTGTGTGTGT  GTGTGCTGTG  CACTCGCCCA   I  CTTTCAGCAT  GTGGGGCCTT  GTGGACTGGG  GAGACCTCCT  CCCTGTTTTC  GGTCTGCAGG  TCTCTCTCTC  ICAACTGCTT  AGACCTCTCA   N R  ACCGGTGAGC  GTATCCATCC  GGTCCTGAAG  TCCCCAGACT  GAAGGGCTTG  CCAAAGCCTC  TTTTCCAGCT  AGATAACTCA  TAGTAACACT  TGTGTATGTG  GTAATGATGT  TCAGCACTTA  ATTGAATTCT  GAGGAGAGAA  AGAGAGAGAG  GTGTGTGTGT  TCTGGCTGTG  CCCCTGGCCT   TIP  CACCATTCCT  GTGGGAAAGG  GTGGGAAAGA  AGACAGAGCA  CGTTCCCAGT  CTATGACCAA  TCTCTCTCTC  GTCTGTACAG  AAAGGCTCAC   TCACCTCAGC  CTTCCCCTCC  AATAGATCGG  AAGCGGCTCA  TTCTGTCTTT  CACTCTCCTT  CCTGGAGAGT  GTTGTTAGGG  CCTTCCATAG  TATATGTAAT  ATACGTGTAT  GAGGAAGAGA  AGGACCAGCC  AGGAAAGAAA  AGAAGAAGAA  GTGTGTATGT  TGTCTAGCCT  GGGGATGTCC   V Q T  GTACAGACTT  GTATTGAATC  GATTCCAACT  CAGGATCCTA  CGGATTCCAG  GCTCTGCCCT  TCTCTCTCTC  GGGGCAAAGC  AATACAAGTT   CCGAGAGTTC  CGAATTATTC  ATCCAAACAA  CCACAAGCCT  TTGACGTTAT  CCTGAGTATT  GCTGGCTGCT  GTTAGGTTCC  GATTCAACAC  GGTGTATATA  GAGTTTATAT  CAGGCAGATC  AAGGCTGCAT  GAAAAGGACA  GAAGAAGAAG  CTGTGTGTCT  CGCACAGGAT  TAGGGGGTCC   F S N L  TCTCCAACCT  TCTCCCCCCA  TCTCCTTGAG  GGGACTGACT  TAGAACCGAT  TCTGAGTGTT  TCTCTCTCTC  ACCAAAGAAG  GTCCCAATAC  GGAGCCC (CTCCAGCTCTCCCTTAGATAGAGGCGTG) x 7  CCAGCTTGTC  AAGCTTCCAG   TTCTTCCTCC  GCCCACCCTA  CCTATGCTAAA) x 19 GG  ATCCTCCGCG  GCAGGCTCTG  TCAGCCCAGA  GCTCCCTGCT  GGGGGGTGAC  AGATTTTCAT  TAATCATGCT  AGTCCAGATA  TCTGTGCCAC  TAACACTGTG  TTGATATACA   TCACCAGTTT  TCTTTGATTC  GGTTAGTTAG  GTTCATTTTA  CAGATTACGT  TTAGGAATAT  GACCAGGGAA  AGTGACAGAG  ATGTATACCA  ATCCCATTTr  GTCAGCCAGG   CAGGCCTCCT  GGTCCTGGCT  CAGCAAGTCC  CTGTCGCTAG  ATGTGTCCCA  TTCCCTCTGG  ATATTAGTGA  TTTACTGGTA  TGGCCATGCA  AGCTAATTCG  GGAAAGGAAT  CACATTAGTT  GCAAGAGGAG  TGCCAGGACA   CTAAGGGACT   CTCCTGTCTT  AGCCTACGAA  TGTTAATTCC  GGCAACAAAA  TGTGACTATT  CTGTGCCGCA  GGGTTGAAAG  AACATCTATA  CCACACCTGT  TAATGATGTG  GTATCAGTTA  TTTATGAGTT  AGAGAGACAA  CGAGAGAGAG  AAGAAGAAGA  GTGTCTGTGT  CTTAGAGGTT  TCATCATCCC   Q I R  CCAGATCCGA  AATGCCTGTG  AGCCTTCGTG  CTGGTCCCCA  CAAGGTCTCA  TTGTGTTCTT  TCTCTCTGTT  GGGAAGGCCA  AGGCTCAGGA  CGCATTTCAG  GAACCATGTC   TGTACTCAGG  CAATAGATAC  CAGGCTAAGG  ATGGAATTTC  TTTTTTTAAT  AATAACATAG  TATGGTGGTG  TTATGGCTTC  CATTGTATAT  TATGCAATAA  TTATGGTGCA  GAGGCTATCC  GAGTTGGTGG  AGAGAGAGAG  GAGAAAGTGT  GTATTTGTGT  TCCATGCTCG  TATCCCTCCT   GGTCAGTATA  GACTGCTCTT  ACCCTCCACG  TCTTGCTCTG  ACGTAGTCCA  GTTCTTCTTT  TCTCTCTCTC  AAAAGTCACA  GATTGAAAAT  CCACACCTTT  CTTTGTCTAG  CTGTGT (GCTTAGGTTGTACTAACAGCTAG  CTGGGAGCTC  GTGGTCCCCT  AGAGTTCTAT  CGGCTGCTCT  GTGTGAGATG  TGTGGCCCTT  TATTACAGGG  TGCCAGCGCT  GTGGAGGGTC  AGGTGCAGCC  GAAACTGAGG  GAAGGTGGAG   CAAGGAGATA  TGGTCTTGCA  TCTTCACCTT  TGTAGTGAAT  TTATATTTTT  AATGATTCTT  TGTAATGAGC  AGGCAGTCAA  CTGTGTGTAT  TCATCACGAC  CTCCTTCCAT  CAGGCTACAG   CTCTGAGCAA  GTCCTCGTGG  CAGTGCTGAT  AAAGCTTTAT  CTCTCTAAGC  GGATACAGGG  ATTAGAAACT  GGGTCACTAG  CAGTCACTAA  ACAGGGAGAT  GGTGCAGCCC  GACAGCAGCT 7646 GGATGTGCCT GGCACAGATG GGAGCCTCCA GCCACCTCAG AAAAGCCATC CTTTCCCTGC  7706 CTAGCTAGCT AGCCCCATAT TCATGATCCT GGCGTGCCGT GTGGGAAAGT CGGGTGCAGG   E T  7766 ACAGGATGTC TAGTATCCCA AGAGCCCACG AGGCCTCCTC TCCTCCTACC TGCAGAAACC   SLD  TKSV  SEG  HLK R N I V  VKT  7826 AGCCTGGACA CCAAATCCGT GTCAGAAGGC CACCTCAAGA GGAACATCGT GGTAAAGACT   7886  7946  8006  8066  8126  8186  8246  8306  8366  8426  8486   8546  8606  8666  8726  8786  8846  8906  8966  9026  9086  9146  9206  9266  9326  9386  9446  9506  9566  9626  9686  9746  9806  9866  9926   V E M  GTGGAGATGC  AGGTCTTTCA  GGGACAGTTG  GAACTTGCAT  TTACTCTTAT  TATTATTATT   R D G E  GGGATGGTGA  CTGGTGGTGT  GGAAAGAAGG  AGATAGACAT  GCCAATAGTG  ATTATTATTA   GGTGAGGAAA  GGCTAAGGGC  AGTGGGTGGG  AGAATGGCTT  TCAGGCATGG  TTATTATTAT   GATTCTGGTC  AACTGTGTAC  GGAGTAAATG  CTCCATTTGT  TACTAAAACG  TATTATTTAA  TATATCCGCA  GTTGCTGGGA  TCTCTCAGCC  ACAGCCCAGG  AGCAAATGGG   V I  TGCAGGTCAT  CCTTGGTGGC  TTGCCAGGCT  TGTGCTGCCC  CCCTTCACCT  CCCAGCTGGT  CTTCCTTCAT  TGGAGCTAGA  AAAGTCTCTC  CCTCCAGGTG  ACAGGCATGT  GAAGGTGTAC  GTGGAGCCCA  GAGATCATTT  CCTATCAATC  AGAGCAGGAC  CCTGGCTGCA  GGAAGAATCC  TCCAAGCTAA  TAGTATCATC  CCTTCATATT  AGACAGTGCC  TCGCCCCCCA  ATAAAGACAT   GCCAGAAGAG  ATTGAACTCA  TGCAAGTGCA  GAAAACAGAT  TCTGGGATTA   K D S  TAAGGACTCG  CCTTGCCATG  CAGTTCCCAC  AAGGCGTCAA  TCAACTAACA  TAGAATTGGA  CCTTGTTGTT  CAACAAGAGC  TAGCCAGAGA  ATGACTCCAG  GAAACTTGGT  TGGACGGCGG  GGAAGGGTCT  GGACACTCGG  AAGGAAATAA  TTCCGTCCAC  CAGTCCCCAT  ACAACCATCC  GGGACCATTC  CTATTTGAGA  AGAGCACCTT  GCTCAGTTGT  CCCCACCCCT  GTGCCATAGA   GGCATCAGAT  GGACCTCTGG  TTTATACCCA  CCAGGGTAGT  TTTGAGCCCC   K Q E  AAGCAGGAGC  CAGTGTGAGG  CCACACCAGC  TCAGGTCATA  GGATACTCAC  AGGGAAGAGG  ATGGAAACCG  TAGAACAACA  CCTATGCATC  TGTGTCAGCC  TCTCAGCACT  AGAGGAGGGC  CGCTTAGGCT  ATTGAAAGTT  CCCGTTCTCT  TGGGCAGGGT  CCGCTCAGGT  TTCCAAGGTT  CCTGCTCTAT  TTTGAGGAAC  CTCTGAGGCT  CCTTCCCTCC  CCTTTCCACC  CCTTCACAGA   CCCCTCATAG  AAGAACAGCC  ATTTGACTAC  CCAGGGGCTT  TAATCCTGAC   H K D V  ACAAGGACGT  GCCCAAAGCT  ACTTCCCTTC  AGCTTCAATA  CCCAAAGGCG  AAAGATGAGC  TTGCCAGAGC  ATTCAGACAG  CCGAATGCCA  CCACTGAGCA  TGGCAGGGAT  TCCCTGGCCC  GCAGGGTACC  ACAGGCAATC  GGAAGACACT  ACAGATGTGT  CATCTTACCC  GTCCATCCCC  GCTCTAGCAA  TGAAACACTG  GATTGTGGGC  CTTCCAAGGT  TCCGCTAACC  GTGGCTCTGA   CTCCAGGGAG  TGAGGCCACC  CTTTGAAATT  TGGAGTGTTA  TCTACAAGTG  TGTGAGTGCT  ATGGTTGTGA  GGTGCTCTTA  AGAGTGAGGC  GCATCAGCCA  CCCGTGCCAC   V M Op  GCTGATGJgA  TAGCCTCAAA  CTTCCCTGGT  GATGGCATAG  CAGTCAGGAG  AGAGGGAGTT  TGGAAGTTTC  AAAGGGAAAG  CTAAGGCAGT  GCTATGCAGG  CTATGGCATA  CTAAGTGTGG  GAATGGCAGA  TGTTACACTT  GAAACAGGAG  CTCAGTTGTG  CTGTGACTGC  ACAATGACTA  TATACGTAAT  TTCAAGCACC  AGGTAGGGAA  CCCTCCCTCT  TCCAGACGCA  TTTGTT   CTCTTTTCCC  AGCTCTAACT  TTAGTCAAAA  GCAACAATGG  GCriTlATAT  CTGCTGCATA  GCCACCATGT  ACCGCTGAGC  AATCAGAGTG  GGCACAGCCT  CTCCTGTCCC   AGGTGTGCCA  TAGGCCTGGT  TTTCTGCCTG  ATGGCATATA  GGGAGGGAAC  TAACAAATCA  CACAGGCTGC  TCCCTCAGGC  CCTGAAGGGC  TTGACTGCCC  AGTGGAGAGG  ATGCAGAGAG  GGCACTGGTA  GGCTCTGAAT  AGCAGGACGG  AAGGTCTATT  TCTCAGCCCT  GCTGTTGCTC  GTCACCTATT  TGGGCTTATG  GACATTGAGC  TTCCAGGACA 14.
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